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The proper tests of any ventilating system designed
for serving rooms of human occupancy depend ulti-
mately on biologic facts. What qualities of the atmos-
phere are most conducive to the economy of the human
organism? What are the ordinary variations from the
ideal atmosphere and how does the organism react?

When the engineer designs a structure, he must
know the forces that will tend to destroy or strain it,
he must know their direction and intensity and he must
know from tests the strength of the material which is
to withstand the forces.

In the problem of ventilation we assume and, with-
out doubt, correctly assume that the open air of the
countryside or of the sea is the normal, most benefi-
cial atmosphere. We know something of its character-
istics in a chemical, electrical and physical sense, and
we know somewhat less of the variations from the ideal
atmosphere in so far as they are significant from the
standpoint of the problem of ventilation.

When we attempt to study the structure, the human
body, and the effects on it of varying conditions of
atmosphere, we naturally find the problem of a most
complex nature. I have been trying to study the ven¬

tilating problem from this standpoint during a part of
the last year. It is a difficult thing for one with only
a meager training in biology to attempt, but as a result
of the trial, I am convinced that the ventilating engi¬
neer, in order to understand the principles underlying
his work, must go beyond the mere mechanics of
materials involved, and must have an appreciation of
the relative biologic values which are fundamental.

In a very recent published article by one of the best
known hospital architects of this country, I find the
following statesment: "Without -doubt, this unknown
constituent which gives the obnoxious odor or smell to
bad air, such as is evident in assemblies, most notice¬
able in warm rooms as in our nickel theaters, is a

harmful factor." Also in the same article : "Let me

impress upon you that dirty air kills more people than
dirty water, dirty milk, and dirty food combined." In
the discussion which followed, a prominent member of
the Chicago Ventilation Commission emphasized the
importance of the danger of infection from air.

The general impression that the acute communicable
diseases can be greatly lessened by improved means of
ventilation either by eliminating direct infection or by
providing air in superlative quantity, distribution, and
quality, is one which seems to me to be erroneous.

Direct contact, mouth spray, uncleanly personal habits,
are without doubt the most fruitful causes of these dis¬
eases. Resistance to infection is perhaps both general
and specific. Specific resistance may be in some cases

artificially produced, but as far as my observation goes,
our knowledge of immunity is comparatively small.
That there is such a thing as general resistance, often
spoken of by the layman as vitality, that may be
reduced by unfavorable e_: dronment, is also probably
true.

The presence or absence of a ventilating system can¬

not affect the more effective defense of the body, the
specific resistance, but it is possible that the general
resistance to infection may be lowered in some cases
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by lack of ventilation. The demand for ventilation
must be largely based on other grounds than that of
the preservation of health, and it is perfectly proper
that comfort and efficiency should be regarded as of
sufficient importance to deserve the effort involved in
providing ventilation.

There have been numerous laboratory experiments
on individuals, well enough known to this audience,
which indicate the relative unimportance to single
individuals of the ordinary variations in carbon dioxid
content or of air which may contain other substances
derived from the presence of human beings in enclosed
spaces.

The work of recent years by many experimenters has
indicated that comfort may be secured to a great extent
by a proper regulation of temperature and humidity,
and that one of the proper criteria of a good ventila¬
tion system is its ability to furnish means for the main¬
tenance of a correct bodily temperature. "Curves of
comfort" have been constructed which indicate tem¬
peratures with their associated relative humidities for
various occupations. The effect on comfort of air in
motion is an important element.

The association of evil results with unpleasant odors
is an assumption which is often unwarranted. Our
sense of smell is, of all the senses, the least trained and
the farthest from standardization, and the connection
between offensiveness and toxicity is far from being
established. It is, however, easily possible that trouble
may result indirectly from offensive odors. The
reflexes from such sensations as may be received from
the olfactory nerves under ordinary room conditions
may, of course, easily cause such irritation that a nearly
normal person may feel unable to maintain his full
mental efficiency. But such lack of efficiency proba¬
bly comes from conscious irritation rather than from
any direct toxic action. The psychologic factors in
ventilation are real and important. It may be that in
the ventilation of hospitals they are more important
than in other buildings, for the effect of irritation of
mind is more disturbing to subnormal than normal
physical conditions. Prolonged exposure to irritation
of this nature may result in physiologic disturbance.

During the last year I have conducted certain experi¬
ments under the direction of the New York Ventilation
Commission on schoolchildren subjected to two sys¬
tems of ventilation. In one room, air was supplied
from outdoors, in another the air was recirculated,
being continuously washed, lowered in temperature and
returned to the room. Not all the characteristic odor
of the occupants of the room was removed by the
washing. Careful tests, both physical and psycho¬
logic, conducted by trained observers failed to show
significant differences between the two groups,
although the period of observation was four months.
The teacher of the room in which the air was recircu¬
lated, however, complained that other teachers told her
that she ought not to teach in a room in which "fresh
air" was not supplied, and she said that her doctor told
her it was making her ill. She did not believe that it
was good for her, and she complained of feeling ill.
The children were perfectly happy and entered no

complaints ; their physical and mental progress was

satisfactory, but as they were but 9 years of age, they
had not acquired the olfactory sensitiveness of the
older person. The system was good so far as hygienic
conditions were concerned, but it probably would not
do for adults on account of the irritation resulting from
odors.
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The carbon dioxid content of the air of this room
did not rise above 30 parts per ten thousand, showing
a considerable leakage of air to and from the outside
of the building. Air leakage is greater than is usually
supposed.

While very humid air prevents the escape of bodily
heat by evaporation, it is true that very dry air, espe¬
cially when warm, may injuriously affect the mucous
membranes, although I have no definite information
on this point. The artificial humidification of air in
cold climates is doubtless a most desirable part of a

ventilating equipment. The washing of air to remove
dust is of very great importance in certain cases.

If these conclusions are accepted, the requirementsof a system of ventilation are that it supply air of
proper temperature and humidity without offensive
odors ; that it supply it in sufficient quantity to maintain
the temperatures and humidities within prescribed
limits, and to remove offensive odors.

In order that this may be effectively done, the dis¬
tribution of the inlets and outlets for the air must be
carefully selected in accordance with the needs of the
situation. Kitchens and toilet rooms should have out¬
lets at the ceiling with accelerating coils as near the
base of the vent duct as possible. No air should be
forced into such rooms, as it might be expelled into the
rest of the building through the doors.

The tests which should be made may be listed as
follows: (1) temperatures; (2) humidities; (3) air
currents; (4) odors; (5) carbon dioxid content, and
(6) dust content.

No standardization has as yet been achieved. State
and municipal legislation is almost entirely based on
quantity of air, the requirements in many cases being
excessive for well-designed systems of air distribution.
It is of little value to pump 30 cubic feet of air per
person into a room when the person can get but 3 of
the 30 cubic feet on account of the lack of good distri¬
bution.

The temperatures and humidities should approximate
those of the climate as nearly as possibly. In England
58 degrees with 60 per cent of relative humidity is
common in the schools ; this would be impossible in
Winnipeg in winter.

Air currents are difficult to control, as they are

extremely sensitive. The control of air currents may
be said to be one of the arts of ventilation. In hospi¬
tal construction, except in crowded city locations, in
warm climates open window ventilation may be entirely
practicable throughout the year for rooms and small
wards. In such cases, only kitchens, toilets and pos¬
sibly operating rooms need to be ventilated by special
equipment such as fans, etc. The determination of air
currents is, then, of little importance. The work of
Shaw in England in the determination of air currents
is perhaps the most worthy of note.

In small hospitals, I have seen excellent results by
having vent registers at the ceilings of the rooms con¬
nected to ducts terminating at the roof, accelerating
coils being inserted. Entering air is not controlled,
coming entirely from leakage.

In large hospitals such a system is inadequate. While
practicable, it is likely to be expensive in operation.
As the building increases in size, the problems of ven¬
tilation increase still more rapidly.

The operation of the ventilation system must neces¬
sarily be left to the operator of the power plant. It is
useless to expect good service from the average engine-
room operator without the direction of some person

 who understands the object of the ventilating system.
The operator must be under the direction of one per¬
son and not many. The system must be designed with
a view to its successful operation, which should mean
a careful analysis of demands which are to be made
on it. These demands should rest on physiologic
standards which are yet far from establishment,
although their general nature seems to be well fore¬
casted.

In conclusion, I would again emphasize the point
that studies of ventilation system and ventilating equip¬
ment be made with their objects clearly in mind,
namely : to secure proper temperature and humidity
regulation, to keep the air in motion and properly dis¬
tributed, and to prevent offensive odors from circula¬
tion.

THE IMPORTANCE OF STUDYING THE
ACTUAL CONDITION OF

HOSPITAL AIR

C. E. A. WINSLOW
Chairman New York State Commission on Ventilation

NEW YORK

Few questions in air conditioning have been more

extensively and even acrimoniously discussed in recent
years than that of hospital ventilation. We hear on
the one hand that costly ventilating plants have alto-
gether failed and that the only way to keep a hospital
in good condition is to abandon fan ventilation and
admit fresh air by way of the windows. On the other
hand, there are signs of a reaction in certain quarters
against this view and we hear whispers that even in
the most advanced window ventilated hospitals con-
ditions are by no means always ideal, particularly at
night and when the superintendent is not in the wards.

Architects and engineers, to say nothing of hospital
trustees, find themselves buffeted about in a most con-

fusing manner between confident and contradictory
disputants. Ventilating plants which cost many thou-
sands of dollars are lying idle and new hospitals are

being built without any artificial ventilation at all,
which, if the advocates of fan ventilation should prove
correct, means a far greater expenditure for the instal¬
lation of some system of air conditioning in the future.

The extraordinary thing about it all to the sani¬
tarian is that these sweeping conclusions and far-
reaching changes in policy have as a rule been arrived
at without any detailed and systematic study such as
seems essential in order to establish a safe basis for
action. No good physician would to-day diagnose a
difficult case by glancing at the patient, without taking
his pulse or using the modern methods of clinical diag¬nosis. Yet hospital superintendents condemn their
ventilating plants because a room seems stuffy, without
accurate observation of existing conditions, or study
of the possible remedies which might be applied, short
of a major operation.

The sling psychrometer and the anemometer are as
essential to the student of ventilation as are the clin¬
ical thermometer and blood tests to the practicing
physician. It has been clearly shown by the elaborate
experiments of some of the most eminent physiologistsin Germany, England and the United States that the
discomfort and the physiologic disturbance experi-
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